How global precipitation will change in the future is of great socio-economic importance. It is therefore vital that climate models are able to adequately simulate the characteristics of precipitation and the individual precipitation events. Fronts play an important role in providing precipitation and they can be associated with heavy rain and flooding.
Introduction
The global distribution of precipitation and its associated variability is of huge socio-economic consequence. It is therefore important for global climate models to be able to accurately simulate this distribution so that future projections of changes in precipitation distribution can be trusted. Not only must climate models represent the largescale mean precipitation climatology, it is also important that the individual precipitation events are simulated and for the correct reasons.
Recent studies have highlighted the need to evaluate precipitation from climate models not just on monthly timescales such as in Schaller et al. (2011) , but also on daily timescales. The daily precipitation allows characteristics such as frequency and intensity of precipitation to be evaluated (e.g. Sun et al. 2006; Dai 2006; Brown et al. 2010) . Sun et al. (2006) used daily precipitation from 18 coupled climate models to evaluate characteristics, including the number of days that contribute to 67 per cent of the total annual rainfall, against various observational estimates. They found in the models they looked at that over land there was generally an overestimate in the frequency of occurrence of light rain (less than 10 mm/day) and an underestimate in the intensity of heavy rainfall (more than 10 mm/day), leading to a greater number of days contributing 67 per cent of the total annual precipitation. Brown et al. (2010) also separated the precipitation characteristics into frequency and intensity to evaluate a climate model for the Australian region, finding similar results to those of Sun et al. (2006) . The use of selforganising maps in the study of Brown et al. (2010) allowed the contribution of precipitation from different synoptic regimes to be evaluated in the climate model. Since the model was able to represent the synoptic regimes quite well, the errors in precipitation were found to be due to problems in representing the different characteristics of the precipitation within the different regimes. This type of regime-oriented analysis has also been used to gain more understanding into trends in precipitation in Darwin (Catto et al. 2012b ) by separating the trend into components from changes in the frequency of occurrence of the regimes and changes in the intensity of precipitation associated with each regime.
Over the mid-latitude storm track regions, Catto et al. (2012a) found up to 90 per cent of annual precipitation was associated with atmospheric fronts. These frontal precipitation events can cause severe flooding in the regions over which they pass (Mills et al. 1995 , Pitt 2008 , Lavers et al. 2011 ). Pfahl and Wernli (2012) showed that in these same regions, up to 80 per cent of precipitation extremes (based on the 99th percentile of precipitation) are associated with extratropical cyclones. An important question is whether climate models can capture these important aspects of the climate.
How precipitation, and particularly the extremes of precipitation, will change in the future is of great concern. In order to be able to provide useful information regarding flooding from frontal rain events in the future, climate models must be able to simulate not only the dynamical aspects of extratropical cyclones (Catto et al. 2010 ), but also the precipitation associated with their embedded fronts. The studies of Champion et al. (2011) and Bengtsson et al. (2009) found that the intensity of precipitation along the tracks of extratropical cyclones increased in 21st century simulations using the ECHAM5 model. A similar result was found in the CSIRO climate models by Watterson (2006) .
Since atmospheric fronts are so important for the day-today variability of weather, particularly in the mid-latitudes, a number of recent studies have taken advantage of the availability of global gridded reanalysis datasets to create climatologies of objectively identified atmospheric fronts (Berry et al. 2011; Simmonds et al. 2012 ). The study of Catto et al. (2012a) combined the front identification methodology of Berry et al. (2011) with the daily precipitation from the Global Precipitation Climatology Project (GPCP) to quantify the global proportion of precipitation that comes from fronts as well as the average precipitation when a front is present.
The aim of the present study is to evaluate whether a state-of-the-art climate model can simulate the precipitation associated with fronts. The method of Catto et al. (2012a) is applied to the output from the atmosphere model of the Australian Community Climate and Earth System Simulator version 1.3 (ACCESS1.3; Bi et al. 2013) to evaluate the precipitation associated with fronts within the model. This process-oriented method of analysis allows the physical processes producing precipitation in the climate model to be evaluated, rather than just whether or not the model can reproduce the large spatial and temporal scale mean. The precipitation biases in the model can then be separated into components related to errors in the frequency of rainfall events with and without fronts, and errors in the intensity of precipitation associated with each of these two cases using a decomposition similar to that used in Catto et al. (2012b) .
A description of the observationally constrained data against which the model will be evaluated, the model itself, and the method of analysis are given in the following section. The evaluation of the model in terms of the global frontal distribution, the proportion of precipitation associated with fronts, and the average daily precipitation from fronts is detailed in the results section along with the error decomposition analysis. The final section provides a discussion and some conclusions.
Data and methodology

Reanalysis data
The European Centre for Medium-Range Weather Forecasting (ECMWF) reanalysis dataset, ERA-Interim (Dee et al. 2006) has been used as an observationally constrained dataset against which to evaluate the climate model. The front identification methodology has been applied to the sixhourly fields at 850 hPa for the years 1997 to 2008 to give gridded front information on a 2.5° grid.
The precipitation information is gained from the Global Precipitation Climatology Project (GPCP) daily precipitation dataset (1DD; Huffman et al. 2001 ) which combines information from satellite, rain gauge and sounding data. The daily precipitation estimates are scaled so that the monthly totals are the same as the GPCP monthly data (Adler et al. 2003) . Monthly and daily precipitation estimates from GPCP have been widely evaluated against gauge data (e.g. Bolvin et al. 2009; McPhee and Margulis 2005; Nicholson et al. 2003) . The precipitation data have been interpolated to the same 2.5° grid as the front data in order to facilitate the linking of the two datasets as in Catto et al. (2012a) .
Model
The model used in this study is the atmosphere component of the ACCESS1.3 (Bi et al. 2013) . The coupled version of this model has recently been submitted for the Fifth Coupled Model Intercomparison Project (CMIP5). The atmosphere component of the model is very similar to the UK Met Office model, MetOffice GA1.0 global atmosphere model (Hewitt et al. 2011) , with a resolution of N96 (approximately 150 km) in the horizontal and 38 levels in the vertical and a new prognostic cloud parameterisation (PC2; Wilson et al. 2008 ). An important difference between ACCESS1.3 and the model from the UK Met Office is that ACCESS1.3 uses a land surface scheme developed in Australia, CABLE (Kowalczyk et al. 2006) . Here the atmosphere has been forced using observed sea surface temperatures (SSTs) for the years 1978-2007.
Front identification and link to precipitation
The front identification method of Berry et al. (2011) , as used in Catto et al. (2012a) , has been applied to both the reanalysis and the model data. This method used the thermal front parameter of Hewson (1998) to identify locations of frontal points at the maximum gradient of wet bulb potential temperature in the direction of the moist isentropes. The points are then linked into contiguous fronts, and separated into cold, warm and quasi-stationary fronts depending on the magnitude and direction of front speed.
The fronts are then combined with the precipitation data as described in Catto et al. (2012a) . Daily accumulated precipitation is defined as being attributed to a front if a front exists in a 5° box surrounding the grid box within which the precipitation is located. The use of the 5° box and the sensitivity of the method to other search regions are discussed in Catto et al. (2012a) . If there is more than one type of front located in the search area within the 24-hour period, the precipitation allocated to each type of front is weighted according to the number of times or points at which that type of front occurs.
The front identification and precipitation methodology has been applied to the model in exactly the same way as the observationally constrained data. The six-hourly fronts are linked to the daily precipitation from the model, and the data have been interpolated onto the same 2.5° grid. Only the regions between 60°N and 60°S have been considered as in Catto et al. (2012a) . This is due to the convergence of the meridians polewards of these latitudes resulting in the frontal search area becoming smaller and smaller. In the southern hemisphere, polewards of 60°S, mainly spurious fronts are identified at the boundary of the high orography of Antarctica, and in the northern hemisphere there are small front frequencies north of 60°N (Berry et al. 2011) .
Results
Here, the climatology of precipitation and mean sea level pressure (MSLP)-the front frequency and various measures of precipitation associated with fronts from the model-are evaluated against observationally constrained estimates. Although the model simulation is 30 years long, there are not similarly long time series of observed daily precipitation suitable for this analysis. An investigation has been carried out into differences between the results from the 30-year simulation and the results from 12 years of simulation (only 12 years of observed data are available here). This comparison revealed that the differences between the short and long periods of model simulation are much smaller than between the model and the observations. For this reason, the results from the full 30 years of model simulation are shown in the following sections.
Model climatology
Before going into detail about fronts and precipitation in the model, it is important to check how well the model represents the climatology of precipitation and the atmospheric circulation. Figure 1 shows the annual mean precipitation from GPCP, the difference between the model and GPCP, the annual average mean sea level pressure (MSLP) from ERAInterim, and the difference between the model and ERA- Interim. The general global pattern of mean precipitation is well captured in the model, however there is too much precipitation over the tropical regions, and especially in the western Pacific and in the Indian Ocean. These are biases which are well known in the Hadley Centre family of models (e.g. Brown et al. 2010 , Martin et al. 2004 . Over India, the west of the Maritime Continent and into the northwest of Australia there are large dry biases in the model. The annual mean MSLP is quite well represented in the model in most places. The MSLP is too high in the North Atlantic and North Pacific and also in the southeast Pacific. This suggests that the pressure gradient polewards of these regions is larger than observed. There is a dipole of pressure biases over the tropical Pacific that may be due to the short period of observations used. However, as mentioned previously, this does not impact the results in the rest of the paper.
Front frequency
Before the precipitation associated with fronts can be evaluated in the model, the front frequency itself is evaluated. The global distribution for the front frequency of any type of front for ERA-Interim is shown in Fig. 2(a) and the difference between ACCESS1.3 and ERA-Interim in Fig.  2(b) . In the northern hemisphere, the main storm track regions of the North Atlantic and North Pacific are quite well represented in terms of the geographical shape of the distribution but this region is shifted polewards in the model. This is consistent with the stronger pressure gradient seen in the mean climatology of MSLP in Fig. 1 and with the poleward biases in the upper level jet (not shown). The front frequency is somewhat too large to the south of Japan and over SouthEast Asia. The anomalously large number of fronts over South-East Asia can be identified as warm fronts (Fig. 2(f) ). This error is consistent with the excess cyclones identified in this region in the Hadley Centre models (Greeves et al. 2007 , Catto et al. 2011 . Over the Pacific and Atlantic, the shifts in the maximum values of front frequency are associated with both warm fronts and cold fronts ( Fig. 2(d) and 2(f) ).
In the southern hemisphere, the distribution of the model's front frequency again looks reasonable. The maximum values over the Indian Ocean region are well represented in all the different types of fronts and in the total. To the south of Australia, there is a slight equatorward shift in the region of maximum front frequency so that there are higher numbers of fronts over the south of Australia. In the region of the South Pacific convergence zone (SPCZ), there are fewer cold fronts ( Fig. 2(d) ) and quasi-stationary fronts (Fig. 2(h) ) than observed, and more warm fronts (Fig. 2(f) ). However this feature is generally very well captured by the model.
There are areas of high front frequency in the vicinity of high orography such as the Andes, the Himalayas, the Rocky Mountains and the mountains over the southern part of Africa. These fronts may be spurious due to the strong thermal gradients as the 850 hPa contour crosses the orography. For this reason the focus of the precipitation results is on the regions of the globe unaffected by such characteristics. The black contours show the front frequency as a percentage time that a front was located within each grid box. Polewards of ±60° has been cut off due to problems with the convergence of the meridians. Regions where the surface topography is higher than 1.5 km (850 hPa in a standard atmosphere) have been blanked out, and areas where the front frequency is less than three per cent has been shaded grey.
Proportion of precipitation from fronts
Maps of the annual average proportion of precipitation that has any type of associated front from the observations and the model, as well as the difference between the model and the observations, are shown in Fig. 3 . In the observations (Fig.  3(a) ) it can be seen that generally the areas with the highest proportion of precipitation from fronts are approximately coincident with the highest front frequencies; e.g. over the north Pacific and north Atlantic storm tracks, over the Southern Ocean storm tracks and in the region of the SPCZ. In some of these regions the proportion of precipitation associated with any type of front is up to 90 per cent.
In the model, as in the observations, the highest proportions of precipitation associated with fronts mostly occur in the same regions as the highest front frequency. Over the northern hemisphere storm tracks, the highest proportion of precipitation associated with fronts is shifted to the north and west, consistent with the front frequency shown in Fig. 2 . There are also values which are too large between China and Japan associated with the anomalously high front frequency here. Figure 4 shows the proportion of precipitation associated with each of the different types of show the front frequency as a percentage time that a front was located within each grid box. Polewards of ±60° has been cut off due to problems with the convergence of the meridians. Regions where the surface topography is higher than 1.5 km (850 hPa in a standard atmosphere) have been blanked out, and areas where the front frequency is less than three per cent has been shaded grey.
fronts and Fig. 4(d) shows that the biases in the South-East Asia region are mainly associated with warm fronts. In the southern hemisphere, again the model performs quite well. The proportion of precipitation from fronts in the Indian Ocean is too high in some places. Over the south of Australia the model shows between 60 and 80 per cent of precipitation coming from fronts which is higher than the estimate of 50-70 per cent from the observations. This is mainly associated with a greater proportion of precipitation from warm fronts (Figs 4(b) and 4(e) ). The proportion of precipitation from fronts in the SPCZ region is quite well represented in the model compared to the observations in terms of the spatial structure, but there is a negative error at the northwestern end of the SPCZ mainly associated with the error in the proportion of precipitation associated with quasi-stationary fronts (Fig. 4(f) ).
The performance of the model in capturing the annual average proportion of precipitation associated with fronts is summarised in Fig. 5 . The average values calculated over different regions of the globe are compared between the observations and the model. Globally (between 60°S and 60°N) the average proportion of precipitation from any type of front and from the individual types of fronts agrees extremely well between the observations and the model, although the model very slightly underestimates the values in all regions. The highest average proportion of precipitation from fronts is in the mid-latitudes, and the lowest is in the tropics. In these regions the model captures the values very well overall with values within two per cent of the observed values. Figure 6 shows the annual average daily precipitation within a grid box when there is any type of front within the 5° search box, and when there is no front within the search box for both the observations and the model. This measure can be thought of as the intensity of frontal (or non-frontal) precipitation. The intensity of non-frontal precipitation shows maximum values in the tropics, as expected, with maximum average values of about 10 mm/day. In the SPCZ region where there are warm waters, there are also high intensities of non-frontal precipitation of between 5 and 8 mm/day. Over the major northern hemisphere storm track regions the daily precipitation when there is no front present is about 3-4 mm/day. The model is generally able to capture the spatial pattern of the non-frontal precipitation intensity quite well (Fig. 6(b) ). In most regions the intensity of nonfrontal precipitation is generally too low, but in parts of the tropics is too high. The biases in the non-frontal precipitation look similar to those in the annual mean climatology of precipitation in the model, showing too intense precipitation in the western Pacific and Indian Ocean regions.
Average precipitation from fronts
The highest values of frontal precipitation intensity (Fig.  6(c) ) are found over the warm current regions at the western ends of the northern hemisphere storm tracks, over the SPCZ region, and to the east of South America with daily precipitation values of up to 10 mm/day. In these regions the frontal precipitation intensity is higher than the non-frontal intensity. Over the southern parts of Australia the average frontal precipitation intensity is about 2 mm/day while in the north it is closer to 8 mm/day. Over the main Southern Ocean storm track region where a large proportion of precipitation is associated with fronts, the average intensities are between 4 and 5 mm/day compared to 2-3 mm/day for non-frontal precipitation in the same region. The model captures quite well the spatial distribution of the frontal precipitation intensity with maxima in roughly the same regions as in the observations. The values over the SPCZ and the Kuroshio Current region are about 2 mm/day lower than the observations (Fig. 6(d)) . Over Australia the model shows lower than observed frontal and non-frontal precipitation intensities, particularly in the northwest. Figure 7 shows the intensity of frontal rain split into the three frontal types. Warm frontal rain is of the highest intensity in the observations and the model. The biases in the model associated with too weak intensity come from both the cold front and the warm front components of the daily precipitation. In the SPCZ region, there are competing biases in the model with too low intensity precipitation from quasi-stationary fronts and too high intensity precipitation from warm fronts. Figure 8 summarises the frontal and non-frontal precipitation intensities for different regions. In all regions except the tropics, the model underestimates the intensity of frontal and non-frontal rain. The largest bias occurs in the mid-latitudes. The errors in the model intensity appear smaller over the oceans than over land (and therefore smaller in the southern hemisphere than the northern hemisphere); however, it is worth keeping in mind the lower confidence in the observational estimates over the oceans due to the lack of gauge data to verify and constrain the satellite estimates. 
Precipitation intensities
Frequency distributions of the daily precipitation when there are or are not fronts present within the 5° search area from each grid box have been constructed and are shown in Fig.  9 . Only precipitation intensities over 1 mm/day have been included as in Sun et al. (2006) and Brown et al. (2010) and the histograms have been split into two graphs, one showing the lower intensities and the other showing the much more rare very high intensities. Since there are a different number of years being analysed for the observations and the model, the frequency has been divided by the number of years to give a frequency per year for each of the daily precipitation bins. Considering first the histograms of the global daily precipitation (Fig. 9(a) and (b) ), the total number of occurrences of precipitation between 1 mm and 10 mm (the 'light' category in Sun et al. (2006) and Brown et al. (2010) ) when there is no front present is lower than when there is any type of front present for both the observations and the model. For rainfall above 10 mm the frequency is higher for no-fronts than fronts (approximately 17 per cent more). This indicates that globally, if it rains when there is no front present, the precipitation is more likely to be heavy than when there is a front present. The total frequency of warm and cold front events is similar, but there are higher frequencies of heavier precipitation associated with warm fronts. There are lower total frequencies of rain from quasi-stationary fronts. There are much lower frequencies of precipitation intensities between 1 mm and 25 mm associated with quasi-stationary fronts, but for intensities above that, the cold fronts and quasi-stationary fronts have similar frequency distributions. The ACCESS1.3 simulation is able to distinguish the differences between the different types of fronts, with higher frequencies of very heavy precipitation with no front present, and higher frequencies of heavy precipitation (above 10 mm) with warm fronts compared to quasi-stationary and cold fronts. Similar to previous studies, the model overestimates the frequency of frontal precipitation events with light precipitation (between 1 mm and 10 mm/day) by about 85 per cent globally. It underestimates the frequency of frontal heavy precipitation events (over 10 mm/day) by about seven per cent, but as can be seen in Fig. 9(b) , there are a larger number of very high intensity frontal and non-frontal precipitation events in the model compared to the observations. However, these very intense precipitation events constitute a tiny proportion of all grid-point precipitation events. In the mid-latitudes (Fig. 9(c) and (d) ) for the observations it can be seen that the highest frequency of precipitation at any intensity is associated with fronts. For the light precipitation (between 1 mm/day and 10 mm/day) there are similar frequencies associated with cold and warm fronts, but for intensities greater than 10 mm/day there are higher frequencies associated with warm fronts. The model again captures the differences between the distributions of the precipitation from frontal types with higher daily precipitation from fronts rather than no fronts. In the midlatitudes the model overestimates the frequency of light frontal precipitation by approximately 28 per cent and underestimates the frequency of heavy frontal precipitation events by nine per cent (which is larger than the global value).
In the tropics (Fig. 9 (e) and (f)) there are higher numbers of precipitation events with no front present than with a front present. This is as expected due to much of the precipitation being from convective systems rather than large-scale frontal systems. More extreme high precipitation events occur with no front present, although relative to the total number of corresponding events, the distributions of the nofront and any-front frequencies are very similar. The model overestimates the frequency of the lighter precipitation events (below 20 mm) and underestimates the frequency of heavy frontal rain events in the tropics, but only by about one per cent. The histogram shows that in the tropics there are too many very intense precipitation events (above 50 mm/day) both with or without fronts, however these events are very rare in both the observations and the model.
Error decomposition
The method of relating fronts to precipitation to evaluate a climate model can be used to decompose the total precipitation error in the model. Similar methods have been used to investigate errors in clouds and precipitation Annual average daily precipitation within a grid box from observations (a, c and e) and the difference between model and observations (b, d, and f) when (a, b) cold front, (c, d) warm front, and (e, f) quasi-stationary front is present within the 5° search area (mm/day).
in climate models (Williams and Tselioudis 2007; Brown et al. 2010; Stephens et al. 2010) and to look at trends and future changes in clouds and precipitation (Bony et al. 2004 , Williams and Tselioudis 2007 , Catto et al. .2012b , Moise et al. 2012 . We can think of the presence of fronts as a type of regime, with the other regime being the no-front case. In this way the total precipitation error can be broken down into the components related to the frequency of occurrence of the regime (front or no-front) and to the intensity of precipitation associated with that regime. The total error E p can be represented as:
( 1) (2) (3) where the subscript, f represents the frontal regime, nf represents the no-front regime, m represents the model and o the observations. F is the frequency of occurrence of fronts when there is rain and I is the intensity of precipitation associated with each regime. The terms ΔF and ΔI represent the difference between the model and the observations for the frequency and intensity respectively. Figure 10 shows the absolute precipitation error from each of the six terms in Eqn 3. The error associated with the frequency of occurrence of each of the regimes (terms one and four shown in Fig. 10(a) and (d) ) contribute mostly positive errors to the total, especially for the no-front regime. This confirms that the climate model generally rains too frequently. In the tropics, the largest error contributions come from the no-front regime. This is understandable as there are very few fronts identified in the tropics. The dry bias over the west of the Maritime Continent and the wet biases over the western Indian Ocean and western Pacific are mostly related to errors in the intensity of precipitation when there is no front present (Fig. 10(e) and (f) ). The dry bias over the northwest of Australia has contributions from the intensity of precipitation when there is and is not a front present. In some parts of the mid-latitude storm tracks the errors in the frequency of occurrence of the regimes and the intensity of precipitation seem to compensate each other to produce generally small total errors. This error decomposition again confirms the too frequent too light error in precipitation in the model.
It can be concluded that the errors in rainfall associated with the no-front regime are the largest contributor to the Fig. 10 . Error decomposition showing the absolute precipitation error (mm/day) contributing to the total error (shown in Fig. 1) from each of the terms in Eqn 3. The errors associated with the frontal regime are shown in (a)-(c) and the errors associated with the no-front regime are shown in total rainfall errors. This suggests that the convective rainfall may be an important consideration in these errors. The location of the largest errors in the average daily precipitation over the warm waters also implies that convection may be the culprit. Figure 11 shows the percentage of the average daily precipitation associated with fronts that comes from the large-scale precipitation scheme in the model. The regions where the largest errors in daily precipitation appear are the regions where the highest proportion of that precipitation is produced by the convective parameterisation.
Discussion and conclusions
Since precipitation globally and regionally is of major socioeconomic consequence, it is vital that climate models are able to represent not only the mean climatology of precipitation, but also the precipitation intensities and the reasons for precipitation events. Fronts play an important role in delivering precipitation and can be associated with heavy rain and flooding. In this paper the atmosphere component of ACCESS1.3 has been evaluated in terms of precipitation associated with fronts. This has been performed using the method of Berry et al. (2011) to identify fronts in reanalysis and model data and combining the fronts with daily rainfall as in Catto et al (2012a) . The front frequency and proportion of precipitation from fronts, as well as the global distribution of precipitation intensities associated with fronts have been evaluated. The total precipitation error has been decomposed into components associated with errors in the frequency and intensity of precipitation within the two regimes of 'front' and 'no-front' in order to understand more fully from where the precipitation biases stem. It has been found that ACCESS1.3 generally performs well in representing the spatial pattern of front frequency in many regions. However, the model shows a poleward and westward shift of the northern hemisphere storm tracks, too many fronts over South-East Asia and over Australia. As a consequence, in the regions with higher than observed front frequencies, the contribution to rainfall from fronts is too large. This is confirmed by the decomposition of the errors in these regions showing a large contribution from errors in front frequency. The average daily precipitation from fronts as well as the precipitation when there is no front present is underestimated by the model in all regions. This agrees with the results of Brown et al. (2010) for the older ACCESS model (version 1.0) where it was found that the precipitation intensity over land was underestimated. Previous studies have shown that climate models tend to overestimate the frequency of light precipitation (Sun et al. 2006; Brown et al. 2010; Wilcox and Donner 2007; Stephens et al. 2010) . Our results are consistent with these previous studies. The spatial pattern of daily precipitation from fronts is reproduced in the model, however the values are too high in the tropics and over the regions of warmer waters. The error decomposition shows that the no-front rainfall contributes the largest errors in these regions and so it is likely that the errors are mainly produced by the representation of the sub grid-scale convection. At present it is not possible to evaluate the convective and large-scale precipitation separately as there is currently no way to decompose global observational estimates of precipitation into these components.
This study has demonstrated a novel way to evaluate the precipitation characteristics in climate models. The use of a process-and regime-oriented evaluation gives more insight into the causes of precipitation biases in the model. We have found that the precipitation errors are largely driven by the no-front precipitation regime, but the error decomposition highlights considerable compensating errors in the model. How precipitation, and particularly precipitation extremes, will change in the future is of great interest. In order to be able to generate projections of precipitation changes in which we can have confidence, it is essential that the precipitation characteristics in the model are evaluated and understood. An evaluation of the new suite of climate models available from the Coupled Model Intercomparison Project version 5 (CMIP5) using the techniques developed here, especially the error decomposition, will be the subject of a future study. Fig. 11 . Percentage of average daily precipitation from fronts that comes from large scale precipitation in AC-CESS1.3. Areas where the front frequency is less than three per cent has been shaded grey.
